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TITLE OF INVENTION 

[0001] Integral Filter For Hydrostatic Transmission. 
BACKGROUND OF THE DISCLOSURE 

[0002] The present invention relates to hydrostatic transmissions, and more 
particularly, to such transmissions of the closed-loop type. 
[0003] Although the present invention may be utilized with hydrostatic 
transmissions in which the pump and motor elements may be of various types, 
the invention is even more advantageous when used in a hydrostatic 
transmission in which the pump and motor are both of the radial piston (or ball) 
type. Therefore, the invention will be described in connection with an 
embodiment in which the pump and motor are both of the radial ball type. 
More specifically, the present invention will be described in connection with an 
embodiment in which the pump and motor are associated with a journal and 
pintle arrangement, which is an especially advantageous embodiment, for 
reasons which will become apparent subsequently. 

[0004] A typical hydrostatic transmission of the radial ball type includes a 
pintle assembly having journal portions on which the radial ball pump and motor 
elements are rotatably mounted. The pintle assembly includes a radially 
extending disc-like portion disposed axially between the pump and motor, 
although it will be understood by those skilled in the art that the present 
invention is not so limited. Typically, the journal portions of the pintle assembly 
define the fluid conduits interconnecting the pump and motor elements, while 
the disc-like portion of the pintle assembly typically defines a portion of the flow 
path of the hydrostatic transmission which is upstream of the inlet of the pump 
element. 

[0005] A hydrostatic transmission of the type for which the present invention 
is especially suited is produced by the assignee of the present invention and 
sold commercially under the designation "Model 7" and such a transmission is 
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illustrated and described in greater detail in U.S. Patent Nos. 4,091,717 and 
5,136,845, both of which are assigned to the assignee of the present invention 
and incorporated herein by reference. 

[0006] Although such hydrostatic transmissions have been extremely 
successful commercially, they have not typically been capable of achieving the 
type of "life" (i.e., in terms of hours of operation) which is now being considered 
desirable, and in some cases, even essential by customers for such 
transmissions. It is believed that one cause contributing to this less than 
desirable life capability has been the lack of any sort of fluid filter as part of the 
hydrostatic transmission. An obvious solution would be to apply an external 
filter, for example, attached to the housing of the hydrostatic transmission, at or 
near an inlet port. 

[0007] However, the use of an external filter assembly on hydrostatic 
transmissions of this type has been considered unacceptable for several 
reasons. First, adding an external filter assembly would normally require the 
addition of some sort of recirculation pump ("charge pump"), adding substantial 
cost to the transmission. Second, there are typically fairly severe limitations 
regarding the space surrounding the hydrostatic transmission, such that adding 
an external filter assembly of the conventional "can" type would require a major 
redesign of either the hydrostatic transmission or the space surrounding the 
transmission, which is typically unacceptable to the vehicle manufacturer. Third, 
the cost of the conventional can-type filter assembly has been considered 
unacceptable, in terms of the effect on the total cost of the hydrostatic 
transmission. 

BRIEF SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the present invention to provide an 
improved hydrostatic transmission which is able to include a filter assembly 
which overcomes the disadvantages of the known, conventional, external filter 
assemblies on hydrostatic transmissions. 
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[0009] It is another object of the present invention to provide such an 
improved hydrostatic transmission including a filter assembly having a large 
enough filter area to effectively provide a "lifetime" filter capability, without the 
need to change the filter during the normal operating life of the hydrostatic 
transmission. 

[001 0] The above and other objects of the invention are accomplished by the 
provision of an improved hydrostatic transmission comprising a housing 
assembly, a variable displacement fluid pump, and a fluid pressure operated 
motor disposed in the housing assembly. The fluid pump includes a pump inlet 
and a pump outlet, and the fluid motor includes a motor inlet and a motor outlet, 
and the housing assembly is in fluid communication with a source of low 
pressure fluid. The hydrostatic transmission defines a flow path including, in 
order, the source of low pressure fluid, the pump inlet, the pump outlet, the 
motor inlet, and the motor outlet. The hydrostatic transmission further includes 
a filter assembly disposed in series flow relationship in the flow path. 
[0011] The improved hydrostatic transmission is characterized by the 
housing assembly defining a recessed area intersecting the flow path at a 
location between the source of low pressure fluid and the pump inlet, the flow 
area of the recessed area being substantially greater than the flow area of the 
flow path. The filter assembly comprises a piece of filter material disposed 
within the recessed area and attached directly thereto in a manner sufficient to 
maintain the piece of filter material within the recessed area during flow through 
the flow path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is an axial cross-section of a "Prior Art" hydrostatic 
transmission of the type with which the present invention may be utilized. 
[0013] FIG. 2 is a hydraulic schematic of the hydrostatic transmission shown 
in FIG. 1 , but which also illustrates the schematic location of the filter assembly 
made in accordance with the present invention. 
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[0014] FIG. 3 is an axial cross-section of the pintle assembly of a hydrostatic 

transmission made in accordance with the present invention, taken on generally 

the same plane as in FIG. 1 , but on a slightly larger scale. 

[0015] FIG. 3A is an axial cross-section through a piece of the filter material 

prior to it being inserted in the pintle assembly, illustrating one aspect of the 

invention, the view being taken on line 3A-3A of FIG. 4. 

[0016] FIG. 4 is a plan view of the pintle assembly viewed from the left in 

FIG. 3, but on a substantially smaller scale than FIG. 3. 

[0017] FIG. 5 is a transverse cross-section, taken on line 5-5 of FIG. 3, and 

on the same scale as FIG. 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0018] Referring now to the drawings, which are not intended to limit the 
invention, FIG. 1 illustrates a "Prior Art" hydrostatic transmission of the general 
type with which the present invention may be utilized, but does not illustrate or 
include the present invention. Instead, the present invention will be described in 
connection with the description of FIGS. 2-5. Some hydrostatic transmissions 
of the type shown in FIG. 1 include an integral charge pump, but in the subject 
embodiment of the invention, there is no charge pump, partly for ease of 
illustration and explanation. However, it should be understood by those skilled 
in the art that the present invention is not so limited, and could be utilized in a 
hydrostatic transmission of the type including a charge pump. 
[0019] The hydrostatic transmission of FIG. 1 includes a housing 1 1 , which 
comprises several different sections, and on top of the housing 1 1 is disposed a 
reservoir 13, shown only fragmentarily in FIG. 1. The reservoir 13 is, in the 
subject embodiment, primarily an expansion tank, and is not part of the main 
flow path through the transmission, such that there is no substantial flow into or 
out of the reservoir 1 3. Disposed within the housing 1 1 is a variable 
displacement radial ball pump 15 and a fixed displacement radial bail motor 17. 
A prime mover (not shown) is connected to an input shaft 19 to provide a rotary 
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input to the radial ball pump 15. The pump 15 includes a moveable (pivotable) 
cam ring assembly 21 having a circular, concave race 23 which mates with a 
plurality of pump balls 25 which are located in bores 27 of an annular pump 
rotor 29. The cam ring 21 is able to pivot about the axis of a cam pivot pin 31 to 
vary the eccentricity of the race 23 relative to an axis of rotation A of the 
transmission. 

[0020] Rotation of the pump rotor 29 about a journal portion 33 of a pintle 
assembly 35 moves the balls 25 radially outwardly and inwardly in the bores 27, 
causing fluid to be forced by the balls 25 through passages (to be described 
subsequently) defined by the journal portion 33 to one side of a plurality of 
motor balls 37. The motor balls 37 are located within bores 39, defined by an 
annular motor rotor 41 . 

[0021] The motor rotor 41 is connected to an output shaft 43 which is axially 
aligned with the input shaft 19, in the subject embodiment, although it should be 
clear that the present invention is not so limited. For example, the invention 
would be equally adaptable to a transmission in which the input shaft and output 
shaft are oriented at a right angle to each other. The motor balls 37 move 
radially outwardly under the pressure of the fluid from the pump 15, remaining in 
contact with a circular concave race 45 . The concave race 45 is rigidly secured 
to a body portion 49 of the housing 1 1 and has the race 45 mounted 
eccentrically relative to the axis of rotation A. The motor rotor 41 rotates around 
a journal portion 51 of the pintle assembly 35, as a result of the movement of 
the motor balls 37 into and out of the bores 39. Appropriate seals, bearings, 
and bushings are provided throughout the transmission to prevent fluid from 
escaping from the housing 1 1 , and to allow for rotation of the various 
components, in a manner well known to those skilled in the art, and which forms 
no part of the present invention and therefore, will not be described further 
herein. 

[0022] An appropriate control arrangement 53 including a control shaft 55, a 
control pin 57, and a cam ring insert 59 is provided to pivot the cam ring 21 
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about the pivot pin 31 . Such pivotal movement is accomplished by rotating the 
control shaft 55 about its axis, which turns the control pin 57 and accordingly 
moves the cam ring insert 59 and cam ring 21, all of which is in commercial use 
and is well known to those skilled in the art. 

[0023] Referring now to FIG. 2, in conjunction with FIG. 1 , it may be seen 
that movement of the cam ring 21 by means of the control arrangement 53 
allows the pump 15 to vary from full displacement in one direction ("F" for 
forward, shown in solid lines) to zero displacement ("N" for neutral) to full 
displacement in the other direction ("R", for reverse, shown in dashed lines). 
[0024] Referring now primarily to FIG. 3, but in conjunction with FIGS. 1 and 
2, the pintle assembly 35 will be described in greater detail. As was mentioned 
previously, the pintle assembly 35 includes the axially oppositely disposed 
journal portions 33 and 51, and disposed therebetween is a radially extending, 
disc-like portion 61 . In the subject embodiment, and by way of example only, 
the disc-like portion 61 and the journal portions 33 and 51 comprise a single, 
integral cast iron member which defines a pair of fluid passages 63 and 65. As 
may best be seen in FIG. 2, the fluid passages 63 and 65 comprise the high 
pressure and low pressure conduits in the closed-loop hydrostatic transmission 
circuit, interconnecting the pump 15 and the motor 17. With the flow being in 
the direction shown by the arrows in FIG. 2, the fluid passage 63 serves as both 
the pump "outlet" and the motor "inlet", while the fluid passage 65 serves as 
both the motor "outlet" and the pump "inlet". 

[0025] Referring now primarily to FIGS. 1 and 2, it may be seen that the 
housing 1 1 includes an interior sump or case drain region C, represented 
schematically in FIG. 2 by the symbol for a reservoir. When the hydrostatic 
transmission is operating, hydraulic fluid is drawn from the sump C into the main 
flow path of the transmission, but only to the extent necessary to compensate 
for any leakage out of the flow path, for example, between the bores and the 
balls. Otherwise, the pump 15, the motor 17 and the fluid passages 63 and 65 
constitute a closed loop. In the "Prior Art" pump shown in FIG. 1 , fluid drawn 
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from the sump C would then enter into a cast-in recessed area 71 . Referring 
now also to FIG. 5, it may be seen that the recessed area 71 is in open fluid 
communication through an angled passage 73 with a fluid chamber 75 (see also 
FIG. 2), the chamber 75 being closed off at its periphery by an inside diameter 
of the housing 1 1 as may best be seen in FIG. 1. In a manner well known to 
those skilled in the art, low pressure fluid drawn into the hydrostatic loop and 
flowing through the recessed area 71 then enters the fluid chamber 75, and 
from there flows past either a check valve 77 or a check valve 79 to whichever 
of the fluid passages 63 or 65 is at lower fluid pressure. 

[0026] As is illustrated schematically in FIG. 2, it is desirable to have a filter 
assembly, generally designated 81 disposed somewhere between the sump C 
and the fluid chamber 75, just upstream of the check valves 77 and 79. In 
accordance with the present invention, the filter assembly 81 comprises the 
recessed area 71 having disposed therein a piece of filter material 83 which, as 
may best be seen in FIG. 3A preferably comprises a piece of pleated paper filter 
material of the type commonly used in filter assemblies for hydraulic 
applications. In other words, the present invention does not involve anything 
unique in regard to the filter material itself. Instead, in accordance with the 
present invention, the recessed area 71 is utilized, preferably in its "as cast" 
condition and the piece of filter material 83 is simply glued in place as shown in 
FIGS. 4 and 5, in such a manner as to create a seal all around the outer 
periphery of the piece of filter material 83, the seal being between the material 
83 and the adjacent metal surface of the recessed area 71 . An advantage of 
the seal around the piece of filter material 83 is that there is practically no 
chance for leakage of dirty oil, bypassing the filter. 

[0027] The filter material 83 may be "glued" in place utilizing any of the 
commercially available adhesives which are suitable for adhering paper to the 
particular metal being utilized, and which are not soluble in the particular 
hydraulic fluid being utilized in the hydrostatic transmission. An example of 
such an adhesive would be a material such as a Polyurethane Oligomer 
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Mixture, sold commercially by Dymax Corporation under the trade name Multi- 
Cure 626-VT. 

[0028] In accordance with an important aspect of the invention, the piece of 
filter material 83 is adhered directly to the as-cast recessed area 71 to avoid the 
cost of the typical can-type filter assembly, i.e., the type in which the filter 
material is disposed within a cylindrical, metal container which is then threaded 
onto a fitting external to the hydrostatic transmission housing. With the present 
invention, the only "added" material, in order to provide a filter assembly, is 
simply the piece of filter material 83 and the required adhesive, without the need 
for even some sort of metal frame being disposed about the filter material. 
[0029] In accordance with another important aspect of the invention, and as 
may be seen in FIGS. 4 and 5, the cross-sectional flow area of the filter 
assembly of the invention can be quite large, relative to the flow area of the 
various passages which comprise the flow path within the hydrostatic 
transmission. This is important because it is then feasible for the filter 
assembly of the invention to have a "lifetime" filter capability, such that the filter 
does not typically need to be changed during the normal operating life of the 
hydrostatic transmission. Thus, the present invention provides a large, lifetime 
filter capability without adding to the overall size of the hydrostatic transmission 
housing, and without requiring any substantial redesign of the transmission or of 
its housing. 

[0030] In the subject embodiment of the present invention, the piece of filter 
material 83 is disposed within the recessed area 71 defined by the disc-like 
portion 61 of the pintle assembly 35, partly because the portion 61 provides a 
large, available location for a large flow filter, and partly because the portion 61 
is already part of the flow path from the sump C to the inlet of the pump 1 5. 
However, it will be understood by those skilled in the art that the present 
invention is not so limited, and the recessed area 71 which receives the filter 
material 83 could be located elsewhere within the transmission housing. In 
connection with this particular point, it will be understood that, for purposes of 
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the present invention, the term "housing" means and includes practically any 
part of the transmission which is not rotating while the transmission is operating. 
[0031] Referring again primarily to FIG. 3, one of the reasons for the present 
invention being especially advantageous when used in a radial ball device of the 
journal and pintle type will now be described. The configuration of the disc-like 
portion 61 is such that there is a second recessed area 85, and disposed within 
the area 85 is a second piece of filter material 87, glued in place as described 
previously . The area 85 is substantially identical to the recessed area 71 , and 
the filter material 87 is substantially identical to the filter material 83. Thus, the 
arrangement is such that the area axially between the recessed areas 71 and 
85 is in open communication with the angled passage 73, and fluid in the sump 
C is drawn through both of the pieces of filter material 83 and 87, thus doubling 
the effective filter area, still without adding to the overall size or cost of any of 
the transmission components. 

[0032] The invention has been described in great detail in the foregoing 
specification, and it is believed that various alterations and modifications of the 
invention will become apparent to those skilled in the art from a reading and 
understanding of the specification. It is intended that all such alterations and 
modifications are included in the invention, insofar as they come within the 
scope of the appended claims. 
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